Objective: To explore the association between long-term pattern of dental attendance and tooth retention among British adults.
| INTRODUC TI ON
Gilbert et al 1 defined regular attenders as those who visit the dentist on a regular basis for check-ups regardless of their dental needs, and non-regular attenders as those who visit the dentist occasionally or when they experience a specific dental problem. Regular dental check-ups are thought to serve a double function. First, a primary prevention functions through the provision of advice that influences health behaviours to prevent oral diseases. Second, a secondary prevention functions through clinical examination to limit the 2 | ME THODS
| Data source
This study used data from the Adult Dental Health Survey, a nationally representative survey of adults aged ≥16 years residing in private households in England, Northern Ireland, Scotland and Wales.
Participants were selected through multi-stage stratified random sampling. In brief, 3666 eligible households participated in the survey (74% response rate) and 6204 (92%) of the 6764 adults living in those addresses were interviewed. During interviews, 5281 adults reported having one or more natural teeth and 3817 (72%) of them agreed to take part in a dental examination. 16 Of the 3817 participants who were clinically examined, we excluded 847 because of missing data on covariates (income = 401, social class = 241, education = 2 and periodontal disease = 310). Thus, the study sample included 2970 dentate adults.
| Data collection
Data were collected through home interviews and clinical examinations. During interviews, participants provided information on their demographic characteristics (age, sex and country of residence), socioeconomic factors (social class and education level) and long-term pattern of dental attendance. Education was measured based on the highest qualification obtained (no degree, below degree level and at degree level or above). Weekly household income, before deductions and from all sources, was extracted from answers to multiple questions. Income data were equivalized using the OECD-modified scale to account for household size. This was done by assigning weights based on size of household and age of members as follow: 1 for the head of household, 0.5 per additional adult and 0.3 per child. Then, total household income was divided by the weighted number of household members. 17 After equivalization, household income was classified into quintiles (£˂100, £100-169, £170-240, £241-350, >£350). Social class was measured based on the Registrar General's Social Class, with participants assigned into six categories according to the occupation of the head of the household. The categories were professional (I), managerial and technical (II), skilled non-manual (IIINM), skilled manual occupations (IIIM), partly skilled occupations (IV) and unskilled occupations (V). For analysis, classes I and II were merged (highest) as were classes IIINM and IIIM, and classes IV and V (lowest).
Three questions allowed classifying participants long-term dental attendance pattern into four distinctive trajectories. The first question was if they "go to the dentist for regular check-up, an occasional check-up or when having trouble with teeth?" Depending on their response, participants were asked one of two follow-on questions. On one hand, individuals who said that they go to the dentist for regular check-up were then asked if "there has ever been a time in your life when you have not been for regular check-up?"
On the other hand, individuals who said that they go for an occasional check-up or when having trouble with teeth were then asked if "there has ever been any time in your life when you have been for regular check-up?" Individuals who reported that they go to the dentist for regular check-ups and have been going always for regular check-up were classified as always regular attenders (reference group). Those who said that they go for regular check-ups but there has been a time where they were not always regular for check-ups were classified as current regular attenders. Those who said that they go for an occasional check-up or when they have a trouble but there has been a time where they were regular for check-ups were classified as former regular attenders. Those who reported that they go for an occasional check-up or when they have a trouble and have never been a time where they were regular for check-ups were classified as never regular attenders. 18, 19 Dental examinations were conducted by 70 dentists, with participants seated on a chair and using a mirror and CPITN-C probe under illumination by Daray light lamps. Participants' teeth were not brushed nor professionally cleaned prior to examination. All teeth, including third molars, were examined. Dental caries was recorded at surface level using the caries into dentine threshold (cavitated lesion). Periodontal examination included the assessment of pocket depth and loss of attachment (LOA) at two sites (mesial and distal)
per tooth, buccally on upper teeth and lingually on lower teeth. The mean Kappa scores for the condition of teeth ranged from 0.88 to 0.96 across groups, at tooth level. 16 For this study, the number of teeth and having a functional dentition consisting of 20 or more teeth, [20] [21] [22] determined from clinical examinations, were the outcome measures. Dental caries was defined as having one or more teeth with cavitated caries or teeth that were so broken down, possibly with pulpal involvement, that they were un-restorable. Periodontal disease was defined as having at least one tooth with LOA ≥4 mm.
| Statistical analysis
All analyses were performed in Stata 14, incorporating sampling weights to account for unequal probabilities of selection and nonresponse, as well as survey design features (clustering and stratification) to produce corrected standard errors and 95% confidence intervals (CIs).
We first compared the sociodemographic characteristics of the study sample with those of participants who were excluded from it (edentate or with missing values). These comparisons were carried out using the chi-squared test. Thereafter, we compared the four long-term dental attendance trajectories in terms of demographic, socioeconomic and clinical characteristics using the chi-squared test.
The association between long-term dental attendance trajectories and number of teeth was assessed using negative binomial regression as the outcome was a count variable with over-dispersion.
Therefore, rate ratios (RRs) with 95% CIs were reported. The association between dental attendance trajectories and functional dentition was assessed using binary logistic regression as the outcome was a dichotomous variable. Therefore, odds ratios (ORs) with 95%
CIs were reported. The modelling strategy was to estimate the crude association between long-term dental attendance trajectories and each outcome (labelled as Model 1A and 2A), and then gradually adjust for potential confounders of the association (regardless of their significance). These confounders were sociodemographic factors (sex, age, country of residence, education, household income and social class) in Models 1B-2B and clinical characteristics (untreated dental caries and periodontal disease) in Models 1C-2C.
| RE SULTS
This study analysed data of 2970 dentate adults (47% female). The mean age was 41.5 years (SD: 16.2; range: 16-93). The composition of the sample is shown in Table 1 . No major sociodemographic differences were found between the study sample and those excluded from it. Most adults were categorized as current regular attenders (31.6%)
followed by former, always and never regular attenders (31.0%, 27.9% and 9.5%, respectively). The mean number of teeth was 25.0 (SD: 6.0; range: 1-32) and 85.9% of adults had functional dentition.
Significant differences were found between the four dental attendance trajectories. The group of always regular attenders included more women than the remaining three dental trajectories. Also, always and former regular attenders were younger than current and never regular attenders. As for socioeconomic position, never regular attenders were of lower education, had lower income and were from lower social class than always, current and former regular attenders. Never regular attenders also had more untreated caries and periodontal disease than the other three groups ( Table 2 ).
The association of long-term dental attendance patterns with each outcome is shown in Table 3 . Never and former regular TA B L E 2 Characteristics of adults with different long-term pattern of dental attendance (n = 2970)
Explanatory variables
Long-term pattern of dental attendance attenders had respectively 7% (RR = 0.93, 95% CI: 0.89-0.97) and 3% (RR = 0.97, 95% CI: 0.96-0.99) fewer teeth retained than always regular attenders after controlling for participants' demographic and socioeconomic factors. However, there was no significant difference between always and current regular attenders in the adjusted model.
These associations remained unchanged after further adjustments for clinical characteristics (dental caries and periodontal disease).
Never (OR = 0.36, 95% CI: 0.22-0.60) and former regular attenders (OR = 0.50, 95% CI: 0.32-0.78) also had lower odds of having functional dentition than always regular attenders after controlling for participants' demographic, socioeconomic and clinical factors.
However, there was no significant difference between always and current regular attenders in the adjusted model.
| D ISCUSS I ON
The study shows that always regular attenders had more teeth retained than never and former regular attenders. However, always regular attenders and current regular attenders had similar tooth retention outcomes. These findings were robust to adjustments for sociodemographic and clinical factors.
Our findings suggest that never and former regular attenders had fewer teeth retained and lower odds of having functional dentition because they lost the benefits that come with regular dental check-ups, such as accessing preventive care and arresting the progression of caries lesions and periodontal diseases which may cause tooth loss. [2] [3] [4] Even though our findings were independent of the two most common oral diseases (dental caries and periodontal disease), they represent current not past levels of disease. Only past disease could have led to tooth loss. Thus, our findings assume that current untreated disease is a good proxy for previous disease experience.
Further studies should consider the role of other factors in the association between long-term dental attendance and tooth retention, including affordability of care, patients' treatment preferences and dentists' treatment decisions.
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Interestingly, we found no differences in tooth retention between current and always regular attenders. This finding suggests concurrent exposure to regular attendance may counter exposure to past negative experiences, 9, 11 which is consistent with the critical period model with later effect modifier in life course epidemiology, whereby the effect of an exposure in a specific period of life could be modified by factors acting later in life. 23, 24 This argument is supported by findings from life course epidemiology studies in the UK where health behaviours in adulthood were more likely to affect the number of teeth retained at age 50 years than health behaviours at an earlier stage of life 25, 26 and proximal socioeconomic conditions more strongly associated with perceived adult oral health than circumstances in early life. 27 Previous researchers 9, 11 have argued that the association between long-term regular dental attendance and tooth retention may be attributed to the "healthy user effect"-the tendency of individuals who seek a single preventive service to additionally undertake other preventive services or engage in other health-promoting behaviours. 28, 29 Therefore, any observational study assessing the effect of a preventive therapy on a health outcome without controlling for further relevant health behaviours (such as healthy diet) will likely exaggerate the resulted effect of the examined preventive therapy. 29 Even though TA B L E 3 Regression models for the association of long-term patterns of dental attendance with number of teeth retained and having a functional dentition (n = 2970) social class), and Model 3 also adjusted for untreated caries (any teeth with untreated caries) and periodontal disease (any teeth with LOA ≥4 mm). b Number of teeth was modelled using negative binomial regression and rate ratios (RR) are reported. c Functional dentition was modelled using logistic regression and odds ratios (OR) are reported. * P < 0.05; ** P < 0.01; *** P < 0.001.
we did not control for the effect of other dental behaviours, such as smoking, sugars intake and toothbrushing frequency, we attempted to limit the effect of these confounders by including adjustments for several demographic and socioeconomic measures since favourable behaviours are usually clustered among healthier individuals, who seem to be younger, female, highly educated and better-off. 30 Although not an ideal approach, including multiple socioeconomic indicators in regression models allowed controlling for the effect of dental behaviours indirectly, as the latter are known to be socially determined. 31 The study findings have some implications for oral health promotion and future research. Subject to corroboration in new studies, promoting regular dental attendance may help achieving our goal of a future population that can enjoy a healthy functional natural dentition throughout life. Our findings suggest that it is never too late in life to engage in regular dental visits. Further studies with stronger designs, using multiple assessments for dental attendance and tooth retention as well as controlling for other dental behaviours, are needed to corroborate the present findings. It would also be useful to look at the effect of regular dental attendance on edentulousness.
The study has some limitations that need to be considered when interpreting the findings. We used data from the 1998 survey because the questions needed to estimate long-term dental attendance pattern were removed from the questionnaire used in the more recent version of the Adult Dental Health Survey (2009). However, our findings are still relevant today as the role of behavioural factors in explaining health variations has not changed since they were first identified (sugars intake remains related to dental caries and tobacco smoking to periodontal disease despite changes over time). Also, Scotland was not included in 2009 whereas the 1998 survey collected data from four countries, therefore allowing greater generalization.
Second, dental attendance trajectories were derived from self-reports collected at a single timepoint, which may be prone to measurement error. However, a study that assessed the validity of self-reports for dental attendance against dental records found that the use of self-reports is sufficiently valid for most research questions. 32 
| CON CLUS ION
This study shows long-term regular dental attendance was associated with greater tooth retention, both in terms of having more natural teeth and enjoying a functional dentition. Never and former regular attenders had fewer teeth retained than always regular attenders. No difference in tooth retention was found between always and current regular attenders.
| CLINIC AL RELE VAN CE

| Scientific rationale
Systematic reviews on the benefits of regular dental check-ups are inconclusive. Recent observational studies suggest that long-term regular attenders have better oral health than non-regular attenders.
| Principal findings
Never and former regular attenders, but not current regular attenders, had fewer teeth than always regular attenders.
| Practical implications
Regular dental visits for check-ups may provide dental professionals and their patients with opportunities for primary and secondary prevention.
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